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Fiber-reinforced metallic matrix composite (FR-MMC)
is normally prepared by techniques based on either
powder metallurgy or melt infiltration. High process-
ing temperature is the parameter in common in these
two processes, which is the origin of high production
cost and reduced mechanical properties. The mechani-
cal properties of MMC are dictated mainly by two fac-
tors, fiber strength and bonding strength at the inter-
face of fiber and matrix. A strong composite requires
a strong reinforcement. However, a fiber with a high
strength does not necessarily guarantee a strong com-
posite, because what really counts is the in situ strength
of the fiber inside the composite. High processing tem-
perature usually results in considerable fiber degrada-
tion and promotes chemical reactions between fiber and
matrix [1]. One of the consequences of chemical reac-
tions is too strong interfacial bonding [2]. For a strong
and tough composite, the interfacial bonding strength
should be appropriate. When too low, stress could not
be effectively transferred from the matrix to the fibers,
so that the fibers carry only very little load and low
composite strength results. On the other hand, when the
bonding strength is too high, some strengthening mech-
anisms will not be operative, such as fiber pullout, fiber
bridging, interfacial de-bonding and crack deflection.
Such a composite normally has low fracture toughness
as well as low strength.
In this study, an electrochemical deposition tech-
nique was used to prepare FR-MMC. Electrochemi-
cal deposition is widely employed to deposit a thin
metallic coating on metallic, polymeric or ceramic ma-
terial, which is known as electroplating. More than
30 pure metals can be readily electroplated from aque-
ous electrolyte solution. Alloys (e.g. bronze), inter-
metallic compounds (e.g. Ni3Al) or even metal-ceramic
composites may also be electroplated. In order to dif-
ferentiate the electrochemical deposition process used
for the fabrication of FR-MMC from that for surface
coating, the former is designated in this paper as elec-
trochemical infiltration or ECI for short.
The most distinct characteristic of ECI is the low
processing temperature, normally room temperature.
Therefore, fiber degradation and undesirable chemical
interface reactions can be avoided. In powder metal-
lurgy or melt infiltration techniques, the prerequisite of
the reinforcing fiber is that the fiber must survive the
high processing temperature without noticeable degra-
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dation. However, such a restriction becomes unneces-
sary with ECI. This may permit production of novel
composites previously not possible. Fibers with low
thermal stability may be used to reinforce a high tem-
perature matrix. For example, aluminum fibers, glass
fibers or even polymer fibers may be used to reinforce
nickel. The objective of this work is to demonstrate the
feasibility of FR-MMC preparation by ECI technique.
Copper (Cu) was selected as matrix because its elec-
trochemical deposition has been well documented and
relatively simple. Two entirely different kinds of fibers
were used as reinforcements, Cu and glass. The fiber
selection is based on the following considerations. Cu
fibers have excellent electrical conductivity and thus
can be used directly for electrochemical deposition. By
contrast, glass fiber is electrically insulating, so it needs
to be made conductive prior to use. Another important
reason for the selection is that neither Cu nor glass fibers
can be utilized as Cu matrix reinforcements by the con-
ventional composite preparation methods because they
cannot withstand the high temperature processing.
Cu fibers having an average diameter of 50 µm and
in the form of 160-mesh 0◦/90◦ gauze were used for
the preparation of Cu fiber preform. The gauze was cut
into 20 × 30 mm2 patches. Nine layers were stacked
together and sewed with a Cu fiber of the same diameter.
One end of the sewing fiber extending out from the
preform was used as electrode lead.
E-glass fibers having an average diameter of 25 µm
were used for the preparation of glass fiber preform.
They were surface-metallized first. In this work, the
pretreatment was carried out in three steps: sensitiza-
tion, activation and chemical plating.
Sensitization solution was prepared by dissolving
15 g SnCl2 · 2H2O into 45 cm3 concentrated hydrochlo-
ric acid (36%), and the resultant solution was diluted
with water to 1000 cm3. Activation solution was pre-
pared by dissolving 1.5 g AgNO3 into 800 cm3 wa-
ter. The resultant solution was titrated with 10% aque-
ous ammonium hydroxide until the precipitate that
appeared initially re-dissolved. Dilution with water to
1000 cm3 completed the preparation. The compositions
of the chemical plating solution are listed in Table I.
Glass fibers were soaked in the sensitization solution
for 10 min and then thoroughly washed with water.
After drying, the fibers were soaked in the activation
solution for 20 min, resulting in a thin layer of silver
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T ABL E I Compositions of chemical plating solution
A CuSO4 · 5H2O (g/dm3) 14
NaOH (g/dm3) 12
EDTA-Na (g/dm3) 10
KNaC4H4O6 · 4H2O (g/dm3) 16
B 37% formaldehyde (cm3/dm3) 40
coating on the fiber surface. They were washed with
3.5% formaldehyde solution and then dried. For the
chemical plating, the solution A and B were mixed at
a volume ratio of 25:1, into which the activated fibers
were immersed for 20 min. Washing with water and dry-
ing completed the pretreatment. Placing in parallel the
pre-treated fibers to form a shape of 20 × 30 × 3 mm3
made the fiber preform. A 50 µm Cu wire was em-
bedded in the center of the preform to act as electrode
lead.
Figure 1 Tensile fracture surface of the Cu fiber-reinforced Cu composite. Extensive fiber pullout, necking and interfacial de-bonding are evident.
Figure 2 Polished cross-section of the glass fiber-reinforced Cu composite.
TABLE I I Conditions for the ECI of fiber preforms
Voltage (V) 5.5
Inter-electrode distance (mm) 100
Stirring speed (rpm) 50
Temperature (◦C) 25
A simple two-electrode electrochemical cell was
constructed for ECI. It included a glass container, a
magnetic stirrer and a diode rectifier for the generation
of direct current. Fiber preform was used as cathode,
while high purity Cu plate (>99.9%) formed the anode.
To prepare the electrolyte solution, 160 g
CuSO4 · 5H2O was completely dissolved in 700 cm3
water and then 1 cm3 30% H2O2 was added. After
30 min stirring, 3 g activated carbon was added. The
liquid was filtered after 600 min. Concentrated sulfuric
acid (98%, 38 cm3) was then slowly added. Finally the
solution was diluted to 1000 cm3. Table II summarizes
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the deposition conditions. The total deposition time
was 480 min, but the preform was turned around af-
ter 240 min to give more uniform deposition.
Fig. 1 shows the tensile fracture surface of the Cu
fiber-reinforced Cu composite. The composite is es-
sentially dense. Necking of the fibers before rupture
is apparent, resulting in the shrinking of fiber ends
away from the matrix. For the Cu fibers along the di-
rection of tension, extensive fiber pullout takes place.
For the fibers perpendicular to the direction of tension,
complete interfacial de-bonding occurs. All the above
observations suggest weak interfacial bonding, which
is usually beneficial to toughness and strength
improvement.
Fig. 2 is the polished cross-section of the glass fiber-
reinforced Cu composite. Only a very few isolated pores
are visible. The coating from the fiber pre-treatment is
also clearly seen. The cross-sections of the as-received
fibers are essentially round. However, they become ir-
regular after the metallization treatment.
Electrochemical plating is a well-developed tech-
nique. However, when it is applied to form a matrix
in a fiber preform, the working conditions become
much more complicated. The electrolyte must transport
through narrow channels formed by entwined fibers to
reach to the fiber surface in the central part. At the same
time, the by-product must diffuse out from the preform.
This is very similar to the chemical vapor infiltration
(CVI) process used in the fabrication of fiber-reinforced
ceramic matrix composite (CMC). The major differ-
ence is that the reactants and by-products are gaseous
in CVI, while liquid reactants and by-products are in-
volved in ECI. In this study, various electrolyte compo-
sitions, preforms and inter-electrode distance have been
used to obtain dense composites. The 480 min deposi-
tion time is considerably shorter than that needed in the
CVI process, normally some weeks in duration. The low
porosity and high deposition rate are unexpected. More
comprehensive experimental and theoretical study is
undergoing to disclose the mechanisms of ECI.
In summary, an electrochemical infiltration tech-
nique has been employed to prepare fiber-reinforced
MMC at room temperature. Either conductive or non-
conductive fibers may be used as reinforcements. Con-
ductive fibers can be electrochemically infiltrated with-
out additional treatment, while non-conductive fibers
need to be surface-metallized before use. Dense com-
posites are obtainable at 5.5 V for 480 min for the sys-
tems studied.
References
1. Z H A N G Z H I M I N G and W E I K E T A I , in Proceedings of the In-
ternational Conference on Interfaces in Metal-Ceramics Composites
(The Minerals, Metals and Materials Society, Anaheim, California,
1989) p. 259.
2. P . R . S M I T H , C . G . R H O D E S and W. C. R E V E L O S , in
Proceedings of the International Conference on Interfaces in Metal-
Ceramics Composites (The Minerals, Metals and Materials Society,
Anaheim, California, 1989) p. 35.
Received 8 July
and accepted 31 October 2002
381
